
 

Physicists link topological defects to unusual
behavior in ferroelectrics

June 3 2016, by Chris Branam

New University of Arkansas theoretical physics research shows that
topological defects can explain unusual features of some ferroelectric
materials.

The findings, published in two studies in Physical Review Letters, the
journal of the American Physical Society, can open the way to exploring
complex phenomena typically seen in other classes of materials, said
Yousra Nahas, a postdoctoral research associate at the U of A who led
the studies.

Ferroelectric materials possess spontaneous dipoles, or charge
separations, that allow them to create the images seen in medical
ultrasound and naval sonar, and also are used to convert signals to sound
in cell phones and other audio devices.

Topological defects often reveal to be the main ingredient to various
phenomena in physics, Nahas said. For example, she said, they have
been the key to understanding properties such as those in superfluids, in
which the matter behaves like a fluid with zero viscosity. Topological
defects also dictate phenomena in superconductors and liquid crystals.

In the first study, the team found that a phenomenon known as
geometric frustration is induced in a ferroelectric material with
structural features measured in nanometers. This leads to topological
defects such as vortices and antivortices, Nahas said. This is important,
she said, because geometric frustration, in which the incompatibility
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between the atomic interactions and the underlying crystal symmetry can
lead to highly complex atomic structures, hasn't been widely studied in
ferroelectrics.

In the second study, the physicists investigated topological disorder in a
class of ferroelectrics known as relaxor ferroelectrics, which can be used
in electronic devices to change temperature or shape. Relaxor
ferroelectric applications range from vibration sensors to image storage.

"We found that the topological disorder constitutes a benchmark for
discerning between certain relaxor behaviors," Nahas said. ``Our study
indicates that an unusual feature of relaxor systems – relaxation of their
dielectric response – is strongly linked to the mobility of topological
defects."
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